The structural, magnetic, and electrical transport properties of Sn-doped manganite La0.67Ca0.33Mn1−xSnxO 3−δ (x = 0, 0.01, 0.03, and δ ≈ 0.06) compounds were studied using X-ray powder diffraction, scanning electron microscopy, AC susceptometer and vibrating sample magnetometer measurements as well as four-probe resistance measurements. The specific heat was measured by the heat-pulse method. The Curie temperature TC and the metal-insulator transition temperature T M−I decreased nonlinearly with increasing Sn content. The TC and TM−I values, for the x = 0, 0.01, and 0.03 compounds were separated by 18.2 K, 66.3 K, and 10 K, respectively. The resistivity above T C for all of these compounds followed the Mott variable-range-hopping model. This allowed the estimation of the localization lengths of 2.2Å (x = 0), 1.33Å (x = 0.01) and 1.26Å (x = 0.03). The x = 0 and x = 0.01 compounds exhibited anomalies of R(T ) at corresponding T C and allowed the separation of the magnitude of the purely magnetic contribution to the resistance which for x = 0 was ≈ 5.7 Ω and for x = 0.01, ≈ 22.4 Ω. The specific heat of the Sn-free sample exhibited a sharp peak at TC. With increasing Sn content the peak at TC broadened and the area under the peak decreased. For x = 0.03 the peak was hardly detectable. 
The structural, magnetic, and electrical transport properties of Sn-doped manganite La0.67Ca0.33Mn1−xSnxO 3−δ (x = 0, 0.01, 0.03, and δ ≈ 0.06) compounds were studied using X-ray powder diffraction, scanning electron microscopy, AC susceptometer and vibrating sample magnetometer measurements as well as four-probe resistance measurements. The specific heat was measured by the heat-pulse method. The Curie temperature TC and the metal-insulator transition temperature T M−I decreased nonlinearly with increasing Sn content. The TC and TM−I values, for the x = 0, 0.01, and 0.03 compounds were separated by 18.2 K, 66.3 K, and 10 K, respectively. The resistivity above T C for all of these compounds followed the Mott variable-range-hopping model. This allowed the estimation of the localization lengths of 2.2Å (x = 0), 1.33Å (x = 0.01) and 1.26Å (x = 0.03). The x = 0 and x = 0.01 compounds exhibited anomalies of R(T ) at corresponding T C and allowed the separation of the magnitude of the purely magnetic contribution to the resistance which for x = 0 was ≈ 5.7 Ω and for x = 0.01, ≈ 22.4 Ω. The specific heat of the Sn-free sample exhibited a sharp peak at TC. With increasing Sn content the peak at TC broadened and the area under the peak decreased. For x = 0.03 the peak was hardly detectable. Our results on La 0.67 Ca 0.33 Mn 1−x Sn x O 3 reveal that a small substitution of Sn 4+ for Mn 4+ suppresses double exchange interactions and strongly affects the magnetic, thermal, and transport properties of the parent compound.
PACS numbers: 75.47.Lx, 75.47.Gk, 75.40.Cx (665)
Introduction

Substitution of Ca
2+ for La 3+ in the antiferromagnetic insulator LaMnO 3 gives rise to an equivalent amount of Mn 4+ which induces ferromagnetism (FM) and metallicity in (La,Ca)MnO 3 . The maximum Curie temperature T C as well as the minimum resistivity is observed for the La 0.67 Ca 0.33 MnO 3 compound. The colossal magnetoresistance (CMR) is found to appear near the metal-insulator (M-I) transition. This transition is characterized by a peak in the resistivity appearing at the T M−I temperature. For single crystals and frequently for polycrystalline compounds this electronic transition is accompanied by simultaneous FM-to-paramagnetic (PM) transition at nearly the same temperature [1] . However, polycrystalline compounds with small grain sizes often show big differences between T C and T M−I [2] [3] [4] . The FM metallic state at low temperatures was explained in terms of the double-exchange (DE) interaction arising from strong on-site Hund's rule coupling between Mn 3+ and Mn 4+ ions [5] . Hopping of the e g electron of Mn
3+ along Mn-O-Mn bonds gives rise to metallic conductivity in the ferromagnetic region. Although the DE model provides a qualitatively correct description of these materials, more complex models incorporating the dynamic Jahn-Teller effect [6] and phase separation have been proposed [7] . Above T C the electrical conduction in La 0.7 Ca 0.3 MnO 3 is shown to follow the thermally activated hopping conduction law [8] ρ = ρ 0 exp(E/kT ), with the activation energy E ≈ 0.1 eV, as well as Mott's variable-range-hopping (VRH) conduction rule [9] ,
, where T 0 is the Mott characteristic temperature. Although it has been well recognized that polarons exist in the PM phase of the manganites, the true nature of this polaronic phase and the transport process is still a matter of discussion [10] .
Only a few studies have been carried out on Sn-doped (La,Ca)MnO 3 compounds [11] [12] [13] [14] [15] . They are contradictory with respect to the Sn solubility limit but one can infer that this limit is in the range of only few at.% of Sn. It is now generally accepted that Sn substitutes for Mn 4+ [12] , forming Mn 3+ /Sn 4+ pairs which do not support DE interaction. In addition, due to their larger size, Sn 4+ cations introduce local lattice distortions. The main point of our studies was to prepare single phase polycrystalline (La 0.67 Ca 0.33 )(Mn 1−x Sn x )O 3 compounds and to carefully characterize their structural, magnetic, and electrical transport properties.
Experimental
Polycrystalline samples of (La 0.67 Ca 0.33 )(Mn 1−x Sn x )O 3−δ (x = 0, 0.01, and 0.03) were prepared by a sol-gel method. A calculated amount of metallic Sn was added to 5 ml of concentrated nitric acid and a colloidal suspension of SnO 2 was obtained. Acetic acid was added to bring the total volume to 100 ml. The solution was heated and stoichiometric amounts of La 2 O 3 , CaCO 3 , and MnCO 3 were given into the solution under stirring. 45 g of citric acid and 11 g ethylene glycol were added into the mixture and the solution was slowly heated until a brown gel was formed. The gel was dried at 130
• C for 90 min, then slowly heated to 270
• C (heating rate 10 K h −1 ) and kept at this temperature for one hour. The temperature was then increased to 730
• C within 10 hours, kept at this temperature for 12 hours and cooled to room temperature within another 12 hours. The calcined samples were milled, pressed into pellets at 0.4 GPa and sintered in air at 1450
• C for 50 hours. The heating and the cooling rates were 3 K min −1 . The higher than usually sintering temperature was found necessary to completely dissolve up to 3 at.% of Sn in La 0.67 Ca 0.33 MnO 3 compound. For the two border compounds in the series with x = 0 and x = 0.03 the oxygen off-stoichiometry parameter δ was determined by a iodometric titration method and found to be 0.06(1) and 0.0055(10), respectively. The same δ value was assumed for the x = 0.01 compound.
The quality of the samples was checked by X-ray powder diffraction. The X-ray diffraction (XRD) patterns were collected with a D5000 Siemens diffractometer (using Cu K α radiation and a graphite secondary monochromator) from 12
• to 120
• in steps of 0.02
• in 2θ and 12 s per step. The refinement of the XRD patterns was carried out by the Fullprof program [16] assuming the perovskite GdFeO 3 -orthorhombic type structure and using the P bnm space group.
The microstructure was studied by scanning electron microscopy (JSM-6400 JEOL, Japan).
Magnetic characterization of the samples was performed on a conventional AC susceptometer with an excitation field of 0.5 Oe and a frequency of 188.9 Hz as well as on a DC VSM magnetometer. The DC magnetization was recorded during heating in applied DC fields of 1000 Oe after zero-field cooling (ZFC) of the sample down to 78 K. The temperature dependence of the resistance R was measured by the standard four probe AC method at zero external field during cooling the sample.
Specific heat measurements were carried out by the standard semi-adiabatic heat pulse method in the temperature range from 80 to 300 K during warming the sample.
Results and analysis
Structure
The XRD patterns of all (La 0.67 Ca 0.33 )(Mn 1−x Sn x )O 3−δ compounds annealed in air at 1450
• C for 50 hours showed that all of them were practically single phase. The volume fraction calculated by the Rietveld method of the only detected but hardly visible CaO type impurity phase was below 1%. As an example, a part of XRD pattern of the x = 0.03 compound is seen in Fig. 1 . The vertical arrow indicates the largest peak of the CaO impurity phase with the refined volume fraction of 0.4(2)%. One could take into account this lost of calcium No traces of the tin-rich impurity phase were found for the x = 0.01 compound [17] . Mössbauer spectroscopy studies on 119 Sn isotope have clearly confirmed that 1 at.% of tin has been completely dissolved in La 0.67 Ca 0.33 MnO 3 compound. For the x = 0.01 and x = 0 compounds the same volume fractions of the CaO impurity phase of 0.9(2)% were found. The corrected calcium stoichiometry for these compounds should be 0.314 (4) . Refined lattice parameters and unit cell volumes are given in Table for all three compounds.
To our knowledge there is only little structural information available in literature for oxygen deficient (La 0.67 Ca 0.33 )MnO 3−δ , but there are many data for the compounds with exact or "excess" oxygen content. Relating the unit cell volume of the (La 0.66 Ca 0.314 )MnO 2.94 compound from Table to the unit cell volume of the (La 0.66 Ca 0.34 )MnO 3 compound with exact oxygen stoichiometry (V = 230.132Å
3 ) [18] shows that the stoichiometric compound has an about 0.9% smaller volume. For oxygen over-stoichiometric compounds with δ < 0, the unit cell volume decreases with increasing |δ| [18] , confirming that the additional holes are doped uniformly by cation-vacancy defects and that the chemical formula for the compound should rather read (La 0.67 Ca 0.33
The clearly larger unit cell volumes of the oxygen under-stoichiometric compounds ( Table) The scanning electron microscopy (SEM) images shown in Fig. 2 correspond to compounds with x = 0 (left) and x = 0.03 (right), respectively. In both compounds the average grain diameter is about 11 µm but the grain size varies widely. The shape of the grains is quite similar in both compounds since the compounds were sintered under the same conditions. It is also natural to expect that the SEM image for the x = 0.01 compound, prepared under the same conditions as the other two compounds, would be similar. Quite similar results for T C 's were obtained from magnetization (M ) measurements performed on a VSM magnetometer in an applied field of 1000 Oe using a ZFC procedure. The superimposed magnetization and resistance versus T for all (La 0.67 Ca 0.33 )(Mn 1−x Sn x )O 3−δ compounds are shown for comparison in Fig. 4 . The typically defined T C values (as the temperature corresponding to the minimum of dM/dT ) for the x = 0, x = 0.01, and x = 0.03 compounds, are equal to 223.2 K, 172.3 K, and 135 K. It is interesting to note that the drop of 50.9 K in the T C value between x = 0 and x = 0.01 is larger than between the x = 0.01 and x = 0.03 compounds (37.3 K). To estimate quantitatively the spreads of magnetic transitions (∆T C ) it is useful to define also the "upper" T up C as the intersection of the straight line fitted to magnetization points with the horizontal M = 0 line (as the extrapolation of the maximal slope of the magnetization curve to the T axes). Next, defining ∆T C as the difference T up c − T C , one finds that it equals 2.5 K, 20 K, and 25 K for the x = 0, x = 0.01, and x = 0.03 compounds, respectively. Also the ∆T C values show a strongly nonlinear increase with x. The R(T ) curves demonstrate even more interesting changes with x. For the x = 0.03 compound the resistance curve shows a transition from a metallic-like to an insulating state (M-I) at the temperature T M−I of about 125 K (defined as the maximum of the R(T )). The maximum value of the resistance R max is 320 Ω. Moreover, the resistance at the lowest investigated temperature (17 K) is 22 times higher than the one at room temperature. T M−I is 10 K lower than T C for this compound. For the x = 0.01 compound the R(T ) curve shows a sharper M-I transition at clearly lower T M−I of about 106 K than for x = 0.03 compound. Surprisingly the R max has larger value than for x = 0.03 compound of 1540 Ω. Also the resistance at the lowest investigated temperature (14 K) is larger than for x = 0.03 compound and is 29 times higher than the one at room temperature. T M−I is 66.3 K lower than T C for this compound. For the x = 0 compound the situation is more complicated. The R(T ) curve shows formally two M-I transitions (defined as the maxima of the R(T )). One sharp transition occurs at 229 K, and a second, broader one at about 205 K. Below the upper T M−I the resistance falls drastically. This coincides with the sharp increase in the magnetization and indicates that the sharp drop in resistance below this temperature is associated with ferromagnetic ordering. As a consequence, the smaller and broader peak at lower temperature should be, by analogy with other two compounds, identified as the actual M-I transition temperature. The R max at this temperature equals to 11 Ω. Only in this case the resistance at the lowest investigated temperature (15 K) is smaller (about 3 times) than the one at room temperature. T M−I is 18.2 K lower than T C for this compound.
Magnetic and transport properties
Since the hopping mechanism of conductivity plays a dominant role in the insulating state of the manganites, the experimental resistance data were plotted as lnR versus T −1/4 in order to examine the applicability of the Mott VRH model
. It was found that starting from the vicinity of the corresponding T C up to above room temperature the experimental points follow straight lines and obey the Mott law very well. In these temperature ranges the resistance data were fitted by straight lines using linear regression analysis. The values of R ∞ and T 0 parameters were derived from the regression analysis.
In order to reveal the effect of magnetic ordering on the R(T ) dependence the difference curves ∆R(T ) = R ∞ exp(T 0 /T ) 1/4 − R(T ) were calculated for all compounds and plotted in Fig. 5 . Such plots show the range of applicability of the VRH model very well. In the case of the x = 0.01 compound this range is largest and extends practically to T C . In case of the x = 0 and x = 0.03 compounds deviations with opposite signs appear at larger distances from the corresponding T C . These plots also reveal that for all compounds the resistance falls drastically just above T C . This coincides with the sharp increase in the magnetization (Fig. 4) . The close similarity of the d(∆R)/dT and dM/dT peaks for the x = 0 and x = 0.01 compounds shown in the insets (Fig. 5) indicates that the peak in d(∆R)/dT at T C originates solely from the spontaneous magnetization change dM S /dT . By subtracting the sloping base lines from the d(∆R)/dT curves the peaks resulting exclusively from the M S versus T change can be separated. Denoting this function by dR S /dT (as due to dM S /dT ) one obtains by numerical integration the contribution to the resistance, which is due to the spontaneous magnetization R S (T ) = − T +∞ (dR S /dT )dT . Such procedure is only possible for compounds with well separated T C and T M−I temperatures. The curves denoted by dashed lines in Fig. 5 were obtained by calculating R S (T ) values for the x = 0 and x = 0.01 compounds and adding to the corresponding ∆R(T ) functions. The differences between the ∆R(T ) function and the calculated dashed curves shows the effect of magnetic ordering on the resistance. The magnitude of the magnetic contribution to the resistance is clearly larger for the x = 0.01 compound (|R S (0)| = 22.4 Ω) than for x = 0 one (|R S (0)| = 5.7 Ω). This effect was clearly visible in Fig. 3 for the x = 0 compound but even though larger in magnitude was completely unnoticeable for x = 0.01 one. By subtracting the calculated R S (T ) contribution from the corresponding experimental R(T ) values one may obtain the corrected R C (T ) curve for the hypothetical compound which do not show the colossal magnetoresistance effect at T C . The R C (T ) values for x = 0 compound are denoted in Fig. 3 by the dashed curve. This curve shows only one of the two M-I transitions, namely the one at about 205 K. The R C (T ) curve for the x = 0.01 compound was not plotted because it was practically undistinguishable from the measured R(T ) curve. Figure 6 shows the temperature dependence of the specific heat of (La 0.67 Ca 0.33 )(Mn 1−x Sn x )O 3−δ . For the Sn-free sample, the c p (T ) curve exhibits a sharp peak at T C . With increasing Sn content the peaks broaden and for x = 0.03 the peak is so broad that it is hardly detectable. In order to separate the lattice contributions and to estimate the magnetic contributions to the specific heat (c m ) for the given compound the smoothed c p (T ) curve with the most separated c p (T ) peak was subtracted and then the background of the c m peak was corrected by straight line subtraction. For example from the c p (T ) curve for x = 0 the smoothed curve for x = 0.03 was subtracted.
Specific heat
The peak temperature, T p of the c m (T ) curve for x = 0 coincides perfectly with the T C derived from magnetization measurements. This implies that the peak is associated with the magnetic transition. In case of the x = 0.01 compound, however, some mismatch between corresponding T p and T C temperatures This rough analysis allows the conclusion that the T C − T p difference always exists and should be taken into account in determination of T C from the specific heat measurements. Generally, this difference should scale with the value of the FWHM for the given c m peak. One should note that no anomalies in c p (T ) curves are seen for the x = 0.01 and x = 0 compounds at T M−I . In the case of x = 0.03 agreement of T p and T C temperatures can be assumed even though it is hard to determine the precise value of T p in this case. When the part of Mn is substituted by Sn, the c m peak broadens and the latent heat for the phase transition decreases as revealed by the decreasing area under the peak with increasing x. The estimated ratio of the latent heats for the x = 0, 0.01, and 0.03 compounds is approximately 8:3.5:1.
Discussion
Since the oxygen stoichiometry, which is a function of the synthesis condition, strongly affects the properties of manganites, all three compounds studied were prepared under strictly the same procedure. Therefore the properties of the compounds vary only due to the different substitution level Sn for Mn. The structural characterization confirmed that tin was completely dissolved in the structure and good quality compounds with large grains (diameter 11 µm) were formed.
A high sintering temperature (1450 • C) is needed to substitute Sn for Mn but this results in an oxygen deficiency δ (0.06). The vacancies connected with positive δ values formed on the oxygen sites introduce local structural distortions and electronic inhomogeneities, which could affect structural, transport, and magnetic properties. What is also very important δ decreases the effective hole doping (h) by amount of 2δ. Equivalent hole doping would be obtained for stoichiometric compound with a Ca content equal to 0.21. This value shifts our compounds close to the border line of the stability of the FM metallic state, which locates for the stoichiometric compounds slightly below 0.2 on the phase diagram [19] and separates the FM metallic from the FM insulating states. A low value of hole doping explains the low value of T C (223.2 K) determined for the (La 0.66 Ca 0.314 )MnO 2.94 compound. It is only slightly larger than expected for the h = 0.21 from the phase diagram. The proximity to the FM metal-FM insulator border explains the large sensitivity of the compounds to relatively low levels of Sn doping and the appearance of the FM insulating state in between the T M−I and T C temperatures.
The introduction of diamagnetic Sn causes an exclusive replacement of Mn
4+
by Sn 4+ cations. This leads to an increase in the Mn 3+ /Mn 4+ ratio and reduces the number of available hopping sites for electrons. The Sn 4+ ions do not participate in conduction and cannot be coupled magnetically to Mn 3+ /Mn 4+ ions causing partial suppression of the conductivity and the ferromagnetic double exchange. In addition, due to their larger size, Sn 4+ cations introduce microscopic strains and local lattice distortions which slow down the electron hopping, and as a result, lead to a strong suppression of T C and T M−I .
All investigated (La 0.67 Ca 0.33 )(Mn 1−x Sn x )O 3−δ compounds are paramagnetic insulators at elevated temperatures and conduct via thermally assisted variable-range-hopping [9] . Assuming that above T C , the e g electrons are localized by random spin-dependent potential, Viret et al. [20] have obtained an expression for the T 0 parameter in the Mott equation
where U m ≈ 2 eV is the amplitude of the magnetic potential, v is the unit cell volume per manganese ion, ξ is the localization length and k B is the Boltzmann constant. Using the calculated T 0 values, obtained from the fit to the VRH model, localization lengths ξ equal to 2.2Å, 1.33Å, and 1.26Å were estimated for compounds with x = 0, 0.01, and 0.03, respectively. Using the same method Viret et al. [20] obtained ξ = 4.5Å for La 0.67 Sr 0.33 MnO 3 and ξ = 0.8Å for Pr 0.67 Pb 0.33 MnO 3 . One should note that with increasing Sn content the parameter ξ decreases indicating the progressive localization of the charge carriers in the paramagnetic state. There is a large decrease in the localization lengths between the x = 0 and x = 0.01 compounds and only a moderate one between the x = 0.01 and x = 0.03 compounds. This corresponds well with the observed changes in resistance.
The x = 0 and x = 0.01 compounds exhibited anomalies of R(T ) in accordance with the onset of the spontaneous magnetization M S at corresponding T C and offered the unique possibility to separate the contributions to R S (T ) and to estimate the magnitude of this effect. The separation of the R S (T ) contribution was much more precise in the case of the x = 0 compound in which the magnetic transition at T C was very sharp and T C and T M−I temperatures were still reasonably well separated (≈ 20 K). This was also due to comparable magnitudes of the measured R(T ) and calculated R S (T ) contributions. For the quantitative description of the magnitude of this effect it is useful to define the parameter η(T ) = 100
, which has the meaning of 100
is the one corrected for M S effects. In analogy to the normal magnetoresistance definition it may be called the "intrinsic" or spontaneous magnetoresistance parameter. The η(T ) and −R S (T ) dependences for the x = 0 and x = 0.01 compounds are plotted in Fig. 7 . In both cases comparable "colossal magnetoresistance" effects are observed at T C temperatures. Such resistance changes observed near T C are viewed as canonical for DE systems [21] and are intrinsic, bulk properties. Some authors call this colossal magnetoresistance effect observed in good-quality single crystals the "intrinsic" as opposed to the "extrinsic" magnetoresistance exhibited by the polycrystalline manganites, which is related to the presence of grain boundaries (GB) [22] . The "extrinsic" magnetoresistive effects are known to be due to spin-dependent scattering or tunnelling processes at the grain boundaries, inhomogeneities, microcracks and macroscopic defects. In the compounds with x = 0.01 and x = 0.03 this extrinsic part of the resistance plays a predominant role. Only in the x = 0 compound both contributions are comparable. The temperature dependence of this "extrinsic" part of the resistance is also responsible for the broad maxima in the R(T ) curves observed below T C in the x = 0, 0.01, and 0.03 compounds. The drops in the R(T ) values at T C indicate that the x = 0 and x = 0.01 compounds are metallic inside the separated grains or micro-domains, but due to grain boundary effects they show insulating behaviour down to T M−I . These results suggest a percolation nature of the M-I transition in these compounds.
There exists some ambiguity in the literature concerning the dependence of the resistance on magnetization. It was reported to depend on
[20]. M 0 is the saturation magnetization.
The (La 0.67 Ca 0.33 )(Mn 1−x Sn x )O 3−δ compounds with low x values (x ≤ 0.01) -due to the relatively sharp magnetic transition at T C and to the Sn adjustable separation between T C and T M−I temperatures -offer a unique possibility to separate the R S (T ) contribution and to solve this problem. Precise measurements of the saturation magnetization M 0 (T ) and of R(M 0 , T ) are scheduled for these compounds. One should note that spontaneous magnetization is not the only source for the deviation from the straight line of the ∆R(T ) curves in Fig. 5 , as was clearly shown by the shape of dashed curves for the x = 0 and x = 0.01 compounds. Both dashed curves show substantial deviations (but in opposite directions) from a straight line at T C . This shows clearly that the VRH model loses its applicability around T C and that a new "extrinsic" mechanism starts to control the resistivity below T C .
The electrical resistance in the low temperature FM metallic region is usually fitted by a polynomial R(T ) = R 0 + R α T α , where α = 2, 2.5, or 3, R 0 is the residual resistance, R α is the coefficient ascribed to electron-electron and electronphonon scattering but for temperatures higher than ≈ T C /2, an extra term R β T β with β larger than 3 is needed [1] . Such an approach seems to be most justified in the case of the x = 0 compound, but even there the "extrinsic" part of the resistance seems to be predominant. We have proved that the polynomial R(T ) = 1.66(2) + 1.658(1) × 10 
Conclusions
Summarizing we conclude that: 2. The introduction of a small amount of Sn has a great influence on the transport and magnetic properties of the parent compound due to combined effects of reducing the DE and introducing a local lattice distortions leading to a strong suppression of T C and T M−I .
3. All studied (La 0.67 Ca 0.33 )(Mn 1−x Sn x )O 3−δ compounds are paramagnetic insulators above the T C temperatures and conduct via thermally assisted variable range hopping with the localization lengths ξ equal to 2.2Å, 1.33Å, and 1.26Å for x = 0, 0.01, and 0.03, respectively.
4. The x = 0 and x = 0.01 compounds exhibited anomalies of R(T ) in accordance with the onset of the spontaneous magnetization M S at corresponding T C . They offered a unique possibility to separate the contribution due to the spontaneous magnetization (R S (T )) to the resistance and to estimate the magnitude of this "intrinsic" or spontaneous magnetoresistance effect (see Fig. 7 ).
5. In all (La 0.67 Ca 0.33 )(Mn 1−x Sn x )O 3−δ (x = 0, 0.01, and 0.03) compounds the "extrinsic" part of the resistance which is related to the presence of grain boundaries plays a dominant role. This "extrinsic" part of the resistance is responsible for the broad maxima in the R(T ) curves observed below T C in these compounds and defined as T M−I . A percolation nature of the M-I transition in these compounds is suggested.
6. In the low temperature ferromagnetic region the polynomial R(T ) = 1.66(2) + 1.658(1) × 10 −5 T 2.5 (or exponential expression R(T ) = 1.01(1) exp[0.0122(1)T ]) fits best our resistance data for the x = 0 compound. In the case of the x = 0.01 and x = 0.03 compounds higher order polynomials have to be used to fit our data in reasonably extended temperature ranges.
7. Small Sn doping strongly broadens and diminishes the specific heat jump at T C most likely by creating disorder in the Mn sublattice leading to hardly detectable effects for the x = 0.03 compound.
